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SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, JUN-ICHI OMATA, a citizen of 
Japan residing at Atsugi-Shi, Kanagawa, Japan, YUJI YAMANAKA, a 
citizen of Japan residing at Atsugi-Shi, Kanagawa, Japan and 
TOMOMI ODA, a citizen of Japan residing at Atsugi-Shi, Kanagawa, 
Japan have invented certain new and useful improvements in 



CIRCUIT AND SEMICONDUCTOR DEVICE 



of which the following is a specification:- 
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TITLE OF THE INVENTION 

CIRCUIT AND SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention generally relates to 
a circuit and a semiconductor device, and more 
particularly to a circuit and a semiconductor device 
for reducing the generation of shock noise of a 
10 power amplifier outputting amplified audio signals. 

2 . Description of the Related Art 
Fig. 4 is a block diagram showing an 
example of an audio power amplifier. In the diagram, 
audio signals which are output from a signal source 
15 10 are supplied to power amplifiers 12, 14. Inverse 

switch signals SI, S2 from terminals 16, 18 are 

supplied to the power amplifiers 12, 14, 

respectively, in which either one of the power 
amplifiers 12, 14 operates in response to the 

20 respective switch signals SI, S2 . 

The power amplifier 12 is, for example, 
used for a headphone. The audio signals amplified 
with the power amplifier 12 are supplied to a 
headphone speaker 20, thereby allowing sound to be 
25 generated therefrom. The power amplifier 14 is, for 
example, used for a speaker. The audio signals 
amplified with the power amplifier 14 are supplied 
to a speaker 22, thereby allowing sound to be 
generated therefrom. 

30 Fig. 5 is a diagram showing an example of 

an output stage of a conventional power amplifier. 

In the diagram, audio signals are input between 
terminal 30a and terminal 30b according to 
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differential input. The gates of p channel FETs 
(Field Effect Transistor) Ml, M2 are connected to 
the terminals 30a, 30b, respectively, thereby 

forming a differential circuit of the FETs Ml, M2 
5 together with n channel FETs M3, M4 , and p channel 
FET M5 . 

A gate and a drain of p channel FET M6 are 
connected to a gate of FET M5 , thereby forming a 
current mirror circuit. A drain of FET M6 is 
10 connected to a drain of n channel FET M7 , and a gate 
of FET M7 is connected to a drain of FET Ml . 
Accordingly, the output of the differential circuit 
of FETs Ml , M2 is positively fed back to the 
differential circuit of FETs Ml, M2 through a route 
15 of FETs Ml, M7 , M6 , and M5 . 

The gates of p channel FETs Mil, M12 are 
connected to the terminals 30a, 30b, respectively, 

thereby forming a differential circuit of FETs Mil, 
M12 together with n channel FETs M13, M14 , and p 
20 channel FET M15. 

A gate and a drain of p channel FET M16 
are connected to a gate of FET M15, thereby forming 
a current mirror circuit. The drain of FET M16 is 
connected to a drain of n channel FET M17, and a 
25 gate of FET M17 is connected to a drain of FET M12 . 
Accordingly, the output of the differential circuit 
of FETs Mil, M12 is positively fed back to the 
differential circuit of FETs Mil, M12 through a 
route of FETs M12, M17, M16, and M15. 

30 The output of the differential circuit of 

FETs Ml, M2 is supplied from a drain of FET Mil to a 
gate of FET M19, and the output of the differential, 
circuit of FETs Mil, M12 is supplied from a drain of 
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FET M17 to the gate of p channel FET M18. FET M18, 
M19 are connected with a common drain, the source of 
FET M18 is connected to electric source Vcc, the 
source of FET M19 is grounded, and an output 
5 terminal 32 is connected to the drain of FETs M18, 
M19, thereby allowing audio signals to be output 
from the output terminal 32. 

The terminal 34 is supplied with a switch 
signal (SI or S2) . The terminal 34 is connected to 
10 a gate and a drain of p channel FET M20 and the 

gates of p channel FETs M21, M22, thereby forming a 
current mirror circuit of FETs M20, M21, and M22 . A 
source of FET M20 is connected to a current 
generator 36. A drain of FET M21 is connected to a 
15 drain of p channel FET M24, and the drain and a gate 
of FET M24 are connected to the gate of FET M17, 
thereby forming a current mirror circuit. It is to 
be noted that the drain of FET M17 is connected to 
the drain and gate of FET M16 and the gate of FET 
20 M18, thereby forming a current mirror circuit. 

Furthermore, a drain of FET M22 is connected to a 
drain of p channel FET M25, and the drain and a gate 
of FET M25 are connected to the gates of FET M7 and 
Ml 9 , thereby forming a current mirror circuit. 

25 In a case where the switch signal is low 

level, FETs M20, M21, and M22 become "ON", and 

accordingly, FETs M16, M17, M24, and M25 are turned 
"ON". In such a case, FETs M18, M19 are in 
operation, and audio signals are output from the 
30 output terminal 32. On the other hand, in a case 

where the switch signal is high level, FETs M20, m 2 1 , 
and M22 become "OFF", and accordingly, FETs M16, M17, 
M24, and M25 are turned "OFF". Therefore, in such a 
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case, FETs M18, M19 cease operation. 

In the conventional circuit shown in Fig. 5, 
the differential circuit of FETs Ml, M2 is subjected 
to positive feedback via FETs Ml, M7 , M6 , and M5 . 

5 Furthermore, the differential circuit of FETs Mil, 
M12 is subjected to positive feedback via FETs M12, 
M17, M16, and M15. Therefore, when the switch 
signal is changed from low level to high level, the 
output of audio signals from the output terminal 32 
10 cannot be stopped unless the loops of the positive 
feedback are disconnected. 

Nevertheless, disconnection of the loops 
of the positive feedback cause change of the 
electric potential of the output terminal 32, and 
15 creates an abrupt change of electrical potential of 
electric source Vcc, or an abrupt ground potential. 
This raises a problem of the generation of shock 
noise . 

20 SUMMARY OF THE INVENTION 

It is a general object of the present 
invention to provide a circuit and a semiconductor 
device that substantially obviate one or more of the 
problems caused by the limitations and disadvantages 
25 of the related art. 

Features and advantages of the present 
invention are set forth in the description which 
follows, and in part will become apparent from the 
description and the accompanying drawings, or may be 
30 learned by practice of the invention according to 

the teachings provided in the description. Objects 
as well as other features and advantages of the 
present invention will be realized and attained by a 
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circuit and a semiconductor device particularly 
pointed out in the specification in such full, clear, 
concise, and exact terms as to enable a person 
having ordinary skill in the art to practice the 
5 invention. 

To achieve these and other advantages and 
in accordance with the purpose of the invention, as 
embodied and broadly described herein, the invention 
provides a circuit for a power amplifier which 
10 amplifies and outputs an audio signal by amplifying 
an input audio signal using first and second 
differential circuits, and driving a push-pull 
output transistor with the outputs from the first 
and second differential circuits, the circuit 
15 including: a signal generating part generating a 

disconnection timing signal for disconnecting a bias 
current reducing an activation current of each of 
the first and second differential circuits based on 
a switch control signal, and a positive feedback 
20 loop of each of the first and second differential 
circuits; a switch part being disposed in each of 
the positive feedback loops of the first and second 
differential circuits, and disconnecting the 
positive feedback loops in response to the 
25 disconnection timing signal; and a bias unit 

stopping the operation of the first and second 
differential circuits by reducing the activation 
currents of the first and second differential 
circuits, respectively, by reduction of the bias 
3 0 currents . 

According to the circuit of an embodiment 
of the present invention, the signal generation unit 
may include: an integrator integrating the switch 




EV408338869US 



- 6 - 

control signal so that a waveform of the signal is 
an inclined waveform; a variable bias circuit 
decreasing the bias current according to the 
inclined waveform; and a comparator generating the 
5 disconnection timing signal by comparing the 
inclined waveform with a reference electric 
potential . 

According to the circuit of an embodiment 
of the present invention, the signal generation unit 
10 may further include: an inverse circuit reversing 
the inclined waveform; a second comparator 
generating a switch signal connecting the positive 
feedback loops of the first and second differential 
circuits by comparing the reversed inclined waveform 
15 with another reference electric potential, wherein 
the variable bias circuit outputs a first bias 
current which decreases, and a second bias current 
which increases according to the inclined waveform 
and the reversed inclined waveform, respectively. 

20 Furthermore, the circuit according to an 

embodiment of the present invention is a 
semiconductor device . 

Other objects and further features of the 
present invention will be apparent from the 
25 following detailed description when read in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a circuit diagram of a shock 
30 noise reduction circuit according to an embodiment 
of the present invention; 

Figs.2A through 2F are diagrams showing a 
signal waveform of each portion of the circuit shown 
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in Fig . 1 ; 

Fig. 3 is a circuit diagram of an output 
stage of a power amplifier provided with a shock 
noise reduction circuit according to an embodiment 
5 of the present invention; 

Fig. 4 is a block diagram of an audio power 
amplifier according to an embodiment of the present 
invention; and 

Fig. 5 is a circuit diagram of an output 
10 stage of a conventional power amplifier. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, embodiments of the 
present invention are described with reference to 
15 the accompanying drawings. 

Fig.l is a circuit diagram of a shock- 
noise reduction circuit according to an embodiment 
of the present invention. The circuit may be 
implemented as a semiconductor integrated device. 

20 In the drawing, a switch control signal is supplied 
to a terminal 40. The switch control signal is a 
binary signal as shown in Fig.2A. The switch 
control signal, being integrated at an integrator 42 
and having a waveform as illustrated with a solid 
25 line in Fig.2B, is supplied to a reverse circuit 44, 
to a comparator 46, and further to one end of 
resistances R2 , R3 of the differential circuit. The 
reverse circuit 44 reverses the output of the 
integrator 42, and supplies the reversed output, 
having a waveform as illustrated with a broken line 
in Fig.2B, to a comparator 48, to one end of a 
resistance R1 , and to the other end of the 
resistance R3 . 



30 
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The comparator 46 compares the output of 
the integrator 42 with a reference potential Vref 1 
and generates a disconnection timing signal as 
illustrated in Fig. 2D. The disconnection timing 
5 signal is output from a terminal 50 via a buffer 47 
and is supplied to the power amplifier 12 shown in 
Fig. 4. The comparator 48 compares the output* of the 
reverse circuit 44 with a reference potential Vref 2 
and generates a disconnection timing signal as 
10 illustrated in Fig.2C. The disconnection timing 

signal is output from a terminal (inverter) 51 via a 
buffer 49 and is supplied to the power amplifier 14 
shown in Fig. 4. 

The p channel FETs M30, M31 form a 
15 differential circuit together with a current 

generator 52 and the n channel FETs M32 , M33 . The 
gates of FETs M30, M31 are connected to the other 
ends of resistances R1 , R2 , respectively. The gate 
and drain of FET M32 are connected to the gate of n 
20 channel FET M34, and the sources of FETs M32 and M34 
are connected (ground) to form a current mirror 
circuit. Thereby, a bias current for the power 
amplifier 14 (as shown in Fig.2F) is output from the 
drain of FET M34 via a terminal 54. 

25 The gate and drain of FET M33 are 

connected to the gate of n channel FET M35, and the 
sources of FETs M33 and M35 are connected (ground) 
to form a current mirror circuit. Thereby, a bias 
current for the power amplifier 12 (as shown in 
30 Fig.2E) is output from the drain of FET M35 via a 
terminal 5 6 . 

Fig. 3 is a circuit diagram of an output 
stage of a power amplifier provided with a circuit 
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(shock noise reduction circuit) according to an 
embodiment of the present invention. The circuit 
may be provided as a semiconductor integrated device 
The circuit may be employed as, for example, the 
5 power amplifier 12 or 14. Here, the circuit is 

described to be used with power amplifier 12. In 
Fig. 3, audio signals are input between terminals 60a 
and 60b by differential input. The terminals 60a, 
60b are connected to the gates of p channel FETs M41 
10 and M42 , respectively. The FETs M41, M42 form a 
differential circuit together with n channel FETs 
M43, M44, p channel FETs M45, M48, and a switch 62. 
The disconnection timing signal output from the 
terminal 51 shown in Fig.l is supplied from a 
15 terminal 63 to the switch 62. The switch 62 is 

turned ON when the disconnection timing signal is a 
low level, and is turned OFF when the disconnection 
timing signal is a high level. The source of FET 
M45 is connected to electric source Vcc, and the 
20 gate of FET M45 is connected to a terminal 66 from 
which a bias signal is supplied. 

A gate and a drain of FET M48 are 
connected to a gate of FET M46, thereby forming a 
current mirror circuit. A drain of FET M46 is 
25 connected to a drain of n channel FET M47, and the 

gate of FET M47 is connected to the drain of FET M41 
Thereby, when the switch 62 is ON, the output of the 
differential circuit of FETs M41, M42 is positively 
fed back to the differential circuit of FETs M41, 

30 M42 via FETs M41, M47, M46, M48, and the switch 62. 

It is to be noted that the mirror ratio between FETs 
M48 and M46 is, for example, 4 to 1. 

The gates of p channel FETs M51 and M52 
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are connected to terminals . 60a, 60b, respectively. 

The FETs M51 and M52 form a differential circuit 
together with n channel FETs M53 , M54, p channel 
FETs M55, M58, and a switch 64. The disconnection 
5 timing signal output from the terminal 51 shown in 
Fig.l is supplied from a terminal 65 to the switch 
64. The switch 64 is turned ON when the 
disconnection timing signal is a low level, and is 
turned OFF when the disconnection timing signal is a 
10 high level . The source of -FET M55 is connected to 
electric source Vcc, and the gate of FET M55 is 
connected to the terminal 66 from which a bias 
signal is supplied. 

The gate of FET M58 is connected to the 
15 gate and drain of FET M56 and to the gate of p 

channel FET M60 used for output, and the sources of 
FETs, M56, M58, and M60 are connected to the power 
source Vcc, thereby forming a current mirror circuit. 
The drain of FET M56 is connected to the drain of n 
20 channel FET M57 , and the gate of FET M57 is 

connected to the drain of FET M52 . Thereby, when 
the switch 64 is ON, the output of the differential 
circuit of FETs M51 , M52 is positively fed back to 
the differential circuit of FETs M51 , M52 via FETs 
25 M52 , M57, M56, M58, and the switch 64. It is to be 

noted that the mirror ratio between FETs M58 and M56 
is, for example, 2 to 1. 

The gate of FET M47 is connected to the 
gate and drain of n channel FET M61 and the gate of 
30 n channel FET M62 used for output, and the sources 
of FETs M47, M61, and M62 are grounded, thereby 
forming a current mirror circuit. The FETs M60, M62 

used for output have a common drain to which an 
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output terminal 70 is connected, to thereby form a 
single end push-pull structure. Accordingly, audio, 
signals are output from the output terminal 70. 

When the switch signal changes from low 
5 level to high level, the disconnection timing signal 
as shown in Fig.2C, becomes a high level to thereby 
turn the switches 62, 64 to an OFF state. 

Subsequently, the positive feed back is disconnected 
Then, the bias current for the power amplifier 12, 

10 as shown in Fig.2E, gradually decreases, and 
eventually, the operation of the differential 
circuits formed by the FETs M41, M42 and FETs M51, 
M52 , respectively, cease. Accordingly, the electric 
potential of the output terminal 70 gradually 
15 becomes an electric potential of the electric source 
Vcc or earth electric potential. Therefore, 
generation of shock noise, occurring during the 
switching of the power amplifier can be restrained. 

In consequence, the circuit according to 
20 an embodiment of the present invention includes a 
circuit for a power amplifier which amplifies and 
outputs an audio signal by amplifying an input audio 
signal using first and second differential circuits, 
and driving a push-pull output transistor with the 
25 outputs from the first and second differential 

circuits. The circuit includes: a signal generating 

part generating a disconnection timing signal for 
disconnecting a bias current reducing an activation 
current of each of the first and second differential 
30 circuits based on a switch control signal, and a 
positive feedback loop of each of the first and 
second differential circuits; a switch part being 
disposed in the positive feedback loops each of the 
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first and second differential circuits, and 
disconnecting the positive feedback loops in 
response to the disconnection timing signal; and a 
bias unit stopping the operation of the first and 
5 second differential circuits by reducing the 
activation currents of the first and second 
differential circuits, respectively, by reduction of 
the bias currents. Accordingly, the shock noise 
generated during switching of a power amplifier can 
10 be reduced. 

According to the circuit of an embodiment 
of the present invention, the signal generation unit 
may include an integrator integrating the switch 
control signal so' that a waveform of the signal is 
15 inclined, a variable bias circuit decreasing the 

bias current according to the inclined waveform, and 
a comparator generating the disconnection timing 
signal by comparing the inclined waveform with a 
reference electric potential. Accordingly, the 
20 circuit of an embodiment of the present invention 
can be satisfactorily executed. 

According to the circuit of an embodiment 
of the present invention, the signal generation unit 
may further include an inverse circuit reversing the 
25 inclined waveform, a second comparator generating a 
switch signal connecting the positive feedback loop 
of the first and second differential circuits by 
comparing the reversed inclined waveform with 
another reference electric potential, wherein the 
30 variable bias circuit outputs a first bias current 
which decreases, and a second bias current which 
increases according to the inclined waveform and the 
reversed inclined waveform, respectively. 
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Accordingly, the switching between two power 
amplifiers can be satisfactorily controlled. 

The circuit according to an embodiment of 
the present invention may be a semiconductor device. 

5 Further, the present invention is not 

limited to these embodiments, but various variations 
and modifications may be made without departing from 
the scope of the present invention. 

The present application is based on 
10 Japanese Priority Application No . 2003-176429 filed 
on June 20, 2003, with the Japanese Patent Office, 
the entire contents of which are hereby incorporated 
by reference . 




